INTRODUCTION
More than 100 000 chemicals are in commerce worldwide. In order to assess the hazard posed by this vast number of chemicals to aquatic organisms, simple, rapid, inexpensive and reproducible assays need to be developed.
In a previous paper, we studied the cytotoxicity of 11 synthesized chemicals to the chinook salmon embryo (CHSE)-sp cell line in suspension culture and the CHSE-214 cell line derived from chinook salmon Oncorhynchus tshawytscha in monolayer culture. 1 The cytotoxicity assay could be performed quickly by using the cell line in suspension culture and a high correlation was obtained between cytotoxicity values of the 11 chemicals to these two cell lines. 1 Although there are more than 150 cell lines established from fishes in the world, most of them are cell lines in monolayer culture. 2 In addition to the CHSE-sp cell line, the fathead minnow (FHM)-sp cell line, which is an improved type of the FHM cell line derived from fathead minnow Pimephales promelas, is known as the cell line in suspension culture derived from fish. However, the FHM-sp cell line has not yet been applied to toxicity assays.
The purpose of the present study was to evaluate the cytotoxicity of surfactants using the FHMsp cell line, and to test a new assay procedure to conduct the cytotoxicity assay more rapidly than that reported in the previous paper.
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MATERIALS AND METHODS
Surfactants
The surfactants used in the present study are shown in Table 1 . Two cationic, three anionic, one amphipathic and two non-ionic surfactants were tested.
Cell line in suspension culture
The FHM-sp cell line was used. The optimum growth temperature for FHM-sp cells is 25-30°C and this is higher than the 20°C for CHSE-sp cells. The FHM-sp cells were transferred from a suspen- tained for 24 h to form a cell monolayer and the cells were exposed to the surfactants (exposing after the cell monolayer formed). If the surfactants are prepared in the microplate wells first, and then the FHM-sp cells are inoculated (exposing before the cell monolayer formed), the total test period could be shortened by 24 h. The NR 50 of the six out of eight surfactants shown in Table 1 obtained by these two procedures were compared. The procedure of exposing surfactants after the cell monolayer formation was conducted according to the method described above. In the procedure exposing surfactants before the cell monolayer formation, individual wells of a microtiter plate were inoculated with 0.1 mL serum-free MEM-HEPES medium supplemented with twofold objective concentrations of surfactants. Then the wells were inoculated with 0.1 mL S-MEM-3 medium containing 8 ¥ 10 4 FHM-sp cells. Other procedures were the same as those described in the cytotoxicity test.
Cytotoxicity of surfactants to the FHM-sp cell line
RESULTS AND DISCUSSION
Cytotoxicity of surfactants to the FHM-sp cell line
The FHM-sp cells, as well as the CHSE-sp cells reported in the previous paper, are always offered dissociated cell suspension (i.e. most of the cell lines established from fish are monolayer culture cells. However, FHM-sp and CHSE-sp cell lines are suspension culture cells. So they are inoculated directly to the microplate wells without dispersion by trypsin treatment of cell sheets at room temperature.). They could be inoculated directly to the microplate wells without dispersion by trypsin treatment of cell sheets at room temperature. 4 Therefore, the assay using the FHM-sp cells could be conducted more rapidly than the assay using monolayer-cultured cells like the FHM cells. In the previous paper, we reported that the 24 h NR 50 of benzethonium chloride, LAS and sodium dodecylsulfate to the CHSE-sp cells at 20°C were 3.1 mg/L, 29.6 mg/L and 8.6 mg/L, respectively. 1 The 24 h NR 50 of benzethonium chloride sion-culture bottle to a plastic flask, and maintained at 25°C in Waymouth's MB752/1(Gibco BRL, Rockville, MD, USA) medium supplemented with 5% (v/v) fetal bovine serum (FBS). The pH was adjusted to 7.4 by 14 mM HEPES-NaOH buffer system.
Cytotoxicity test
The neutral red (NR) assay according to the procedure described in previous papers was performed to evaluate the cytotoxicity of the surfactants. 1,3,4 A summary of the points that differ from the procedure described in the previous papers is as follows. Cell suspensions of the FHM-sp cells were prepared with S-MEM-3 medium (S-MEM medium (Gibco BRL) supplemented with 3% fetal bovine serum (FBS)). Individual wells of a 96-well tissue culture microtiter plate (Becton Dickinson & Co., Franklin Lakes, NJ, USA) were inoculated with 0.1 mL S-MEM-3 medium containing 8 ¥ 10 4 FHMsp cells. After the plate was incubated for 24 h at 25°C, the wells were refilled with 0.1 mL serum-free MEM-HEPES medium (Eagle's MEM medium (Nissui Pharmaceutical Co. Ltd, Tokyo, Japan) supplemented with 20 mM HEPES), supplemented with various concentrations of surfactants. The plate was incubated for another 24 h at 30°C. The relative cytotoxicity of surfactants was established by determination of the NR 50 (the concentration of the surfactant required to induce a 50% inhibition in neutral red uptake).
Comparison of NR 50 between the exposing procedures
In the procedure described above, the FHM-sp cells were inoculated to microplate wells and main- Many studies have been performed to evaluate the toxicity of surfactants by using cell lines from mammals. [5] [6] [7] [8] [9] [10] Although assays using cell lines from fish have been developed to measure the toxicity of chemicals on fish, few studies have been done to evaluate toxicity of surfactants. 1, 4, [11] [12] [13] [14] [15] [16] [17] [18] [19] To evaluate the sensitivity of the FHM-sp cell line and the cell lines from mammals to surfactants, the cytotoxicity of sodium dodecylsulfate to the FHM-sp cell line and that to the cell lines from mammals obtained from other studies was compared. 6, 9 The results are shown in Table 2 . Sodium dodecylsulfate was the common substance that was used in these studies. The NR 50 of sodium dodecylsulfate to the FHM-sp cells was 10.3 mg/L and this was as same as the IC 50 to ARLJ 301-3 cells. The cytotoxicity values of the concentration of the surfactant required to induce a 50% inhibition in ATP uptake (ATP 50 ), the concentration of test substance producing 50% cell death (CD 50 ) and 50% inhibition dose of colony formation (IC 50 ) of sodium dodecylsulfate to other cells derived from mammals were more than 50 mg/L, and larger than those of the NR 50 to the FHM-sp cells. Although end-points and the temperature of exposure are different, the sensitivity of the neutral red assay with the FHM-sp cells to measure the cytotoxicity of sodium dodecylsulfate is relatively high. 6 ‡ Concentration of the test substance producing 50% cell death. 6 § Fifty percent inhibition dose of colony formation. The numerical values were obtained from the figures described in the paper. 9 FHM, fathead minnow; FRSK, fetal rat skin keratinocyte; LS, cells derived from L929 mouse fibloblasts (Kemp et al. 6 ); NR 50 , the concentration of the surfactant required to induce a 50% inhibition in neutral red uptake.
with the FHM-sp cell line. The assay is valuable for learning the toxicity of surfactants. Most cell lines from fish have been established for viral diagnosis work and they have not yet been characterized biochemically. To use the cell lines from fish as a screening tool prior to in vivo testing on surfactants, studies on the correlation between in vivo data and in vitro data will be necessary, and much more characterization is required for the cell lines.
The surfactants were classified into four groups based on the ion of the hydrophilic group and the cytotoxicity ranking was as follows: cationic surfactants > anionic surfactants > non-ionic surfactants > amphipathic surfactants. Sasaki et al. investigated the cytotoxicity of surfactants using three established cell lines from mammals (BALB 3T3 cells from mouse whole embryo, ARLJ 301-3 cells from rat liver and FRSK cells from rat keratinocytes) and one primary cell culture (RC-1 cells from rabbit cornea) by the colony formation assay. 9 They reported that the cytotoxicity ranking of surfactants was: cationic surfactants > anionic surfactants > non-ionic surfactants. 9 The cytotoxicity ranking to the FHM-sp cell line has the same tendency as that to the cell lines from mammals. Table 3 shows the NR 50 obtained from the two different exposure procedures of six surfactants to the FHM-sp cells. In the case of the cationic surfactants, the NR 50 values were almost the same between the two exposure procedures. However, in the case of the anionic surfactants and non-ionic surfactants, the NR 50 value of the procedure exposing the surfactants before the cell monolayer formation was larger than that of the procedure exposing them after the cell monolayer formation. The studies on the function of each hydrophilic group of surfactant to the cell membrane of the FHM-sp cells will need to explain the reason for the difference in NR 50 between these two procedures. The procedure exposing the surfactants before the cell monolayer formation is preferable in order to conduct the assay rapidly. However, sensitivity is also important for toxicity assay. Thus, much more investigation on the sensitivity of this procedure for other chemicals is necessary before this new procedure can be applied to the cytotoxicity assay.
In the present study, the cytotoxicity of eight surfactants was measured by the neutral red assay NR 50 , the concentration of the surfactant required to induce a 50% inhibition in neutral red uptake.
